Energy consumption is increasing gradually in the world. It is due to the growth of air conditioning need in response to higher summer temperatures. This causes an increase in electricity demand. Solar cooling is a relatively new, reliable and clean application of proven refrigeration technology able to improve comfort conditions, limit the impact on the environment and save energy. The use of "desiccant cooling" technique is particularly interesting because it avoids the refrigerants use that have a negative effect on the ozone layer (CFC, HCFC, HFC ...). The main element in a desiccant cooling system is the desiccator. In this study, an experimental test bed was made in the Energy and Thermal Systems Laboratory "LESTE" at National Engineering School of Monastir, Tunisia. This bench is designed to examine the optimal conditions used (air flow rates effect) for a cylindrical desiccator, filled with silica gel grains, during both adsorption and desorption phases. For this aim, measurements of temperature, humidity and velocity at the inlet and outlet of the desiccator are done.
INTRODUCTION
The humidification and dehumidification processes of air are important operation in various industrial applications. Also, desiccant cooling system is alternate suitable option against conventional system in humid climatic condition for thermal comfort. The basic constituent of the desiccant cooling system is the desiccant bed.
Solid desiccants such as silica gel, zeolites, activated alumina, or hygroscopic salts are generally used to dehumidify moist air, and in such cases, the desiccant is continuously reactivated (regenerated). These adsorbents remove moisture from the air and then the adsorbed water is released in order to regenerate them using thermal energy such us electric heat, solar energy and waste heat. The heat and mass transfer characteristics of the bed have no doubt significant effects on the performance of the cooling system, and should therefore be adequately considered.
Silica gel can be desorbed at low temperature which makes it useful for use with solar energy [1] . An investigation on simultaneous dehumidification of silica gel showed that silica gel transfers about 30% more water per unit dry mass than activated alumina [2] .
Theoretical and experimental study on the transient adsorption characteristics of vertical packed porous bed was studied by Hamed [3] . The performance of adsorption column of porous bed impregnated with calcium chloride as the desiccant is investigated. The experimental part of this study is based on the application of an inert material (porous granules of burned clay) as desiccant carrier.
Kim et al. [4] reported bench scale tests of a laminar flow silica gel packing element for solar air conditioning applications. The packing is based on a coated sheet concept with a single layer of 0.25 mm silica gel particles lining narrow passages of width 1.46-3.75 mm. Adsorption and desorption tests were performed for fixed inlet conditions and a uniform initial bed condition.
A.E. Kabeel [5] studied theoretically and experimentally the effect of design and operating parameters on the performance of a multilayer silica gel packed bed. In the experimental work, a silica gel packed bed of eight layers has been studied. The objective of this work is to investigate the effect of the packed bed length on the bed performance for both adsorption and desorption processes.
Hamed et al. [6] studied experimentally the operation of an inclined bed of silica gel in adsorption and desorption modes of operation. This study considers only the mass transfer aspect to evaluate the effect of air velocity on the adsorption and desorption rates. The heat transfer and pressure drop are not considered in this study. It was found that heat and mass transfers' characteristics of the bed should therefore be adequately considered because of having important effects on the performance of the cooling system.
In very recent study, Chen et al. [7] investigated a silica gel circulating fluidized beds used for dehumidification of air conditioning system. In this study, air velocity varies between 4.0 m/s and 6.0 m/s and regeneration temperature varies between 40°C and 60°C. This low temperature could be furnished by waste heat or solar energy. The results show that, increasing air velocity enhance dehumidification performance and increasing regeneration temperature enhance desorption performance.
Ramzi et al. [8] presented a mathematical model for heat and mass transfer in silica gel packed bed based on solid side resistance heat and consider conduction along the bed. Authors carried out adsorption and desorption experimental and numerical tests and examined the influence of diverse design parameters like air velocity, particle diameter, bed length and the number of units of mass transfer, on the significance of axial heat conduction. It has been found that the influence of axial heat conduction in the bed is reduced when increasing the particle diameter or increasing air flow velocity or diminishing the bed length. It is also proved that we must consider the axial heat conduction term when number of transfer units of mass and heat are superior to unity.
The objective of the present experimental study is to analyze heat and mass transfers and to investigate the effect of air flow rate and pressure drop on the bed performance for both adsorption and desorption processes. The experimental tests were carried out at nearly constant ambient parameters (humidity and temperature) and different values of air flow rate are used during adsorption and desorption processes.
EXPERIMENTAL SETUP
The experimental device ( Figure 1 ) is composed of a centrifugal fan that circulates ambient air through a sheath in the test bed and then in the desiccator. A speed controller is used to change the air flow at the choice. Heating resistances are activated when studying regeneration phase.
The desiccator comprises two partitions: fixed and movable. The space between the two partitions is filled with desiccant (silica gel). Probes are used to measure temperature, speed and humidity and are placed at the entrance and the exit of the desiccator.
Fan
It is a centrifugal fan that circulates ambient air through a sheath in the test bed and then in the desiccator. The fan has a circular inlet and a square outlet. This fan blow air with an air flow up to 2000 m 3 /h, with a power of 2200 W, a voltage of 380V and a pressure of 20 mmce.
Variable speed drive
A variable speed drive is a speed controller used to reduce or increase the flow air section, as needed, at the fan outlet. It creates a pressure drop causing air velocity and air flow change as wanted.
Heating resistances
Ten Heating resistances are composed of stainless steel fins. Nine resistances provide a power of 250 W each one of them. We use only the heating resistance that provides a power of 2 kW. It is activated during regeneration phase in order to heat the air before it enters on the desiccator.
The desiccator
The desiccator is an iron and removable cylinder of 50 cm diameter. The desiccator is formed by fixed and movable partitions. The fixed partition is based on a perforated plate supporting the granular medium and ensuring the air circulation through the desiccator. The movable partition, with perforated base allowing air circulation, is guided by a rod and a lever. Then, it becomes easy to tighten the silica gel and to guide the partition. 
Desiccant adsorbent
We used silica gel as solid desiccant adsorbent. This used product can maintain the water vapor without being oozed or melted. It is white and non-toxic. The silica gel grains have an average grain diameter variable between 2 and 5mm.
Measuring instruments
The air velocity, temperature and humidity are measured by a portable device, KIMO VT300, with multi-function probes. The software DATA LOGGER 5.0 is used for configuration, save, visualization at real-time and exploitation of the Kimo probes measurements.
RESULTS AND DISCUSSION
Process air at nearly constant ambient parameters (humidity and temperature) and different values of air flow rate are used during adsorption and desorption processes.
The experimental results are obtained for different air flow value. 
Adsorption phase
Figure 5-a represents the temporal evolution of air humidity and temperature at the desiccator outlet during the adsorption phase. At first, ventilated air observes his humidity decreasing. In fact, water vapor is adsorbed by the desiccant (silica gel). This dehumidification is accompanied by an undesirable increase in temperature. Then a temperature decrease occurs simultaneously with adsorption decrease. When silica gel becomes saturated, the adsorption phenomenon is inhibited and the moisture and temperature at reactor exit join their input values. Therefore, adsorption ensures a moisture reduction accompanied by an undesirable increase in temperature.
Desorption phase
After the adsorption phase, the desiccator needs to be regenerated which means that the used adsorbent must be dried once again for a further use. Solar capture is a possible device for regeneration. In this experience the needed heat is provided by heating resistances that raise the ambient air temperature. Figure 5 -b illustrates the temporal evolution of air humidity and temperature at the desiccator outlet during the desorption phase.
During desorption phase, hot air is ventilated over the desiccator resulting in silica gel temperature increase and causing evaporation. Therefore, a drop of water content in silica gel is denoted. The heated air crossing the saturated silica gel carries vapor with it resulting in elevation of exhausted air humidity and consequently temperature decreases. Gradually, as the silica gel is dried, air humidity moisture decreases and air temperature increases. After the regeneration process, silica gel is dried and air outlet temperature and humidity become similar to those at the desiccator inlet. Figure 6 -b illustrate, respectively, effects of air flow rate on the temperature and humidity difference between the outlet and the inlet of the desiccators during adsorption phase. Humidity difference (RHout-RHin) between the desiccator outlet (RHout) and inlet (RHin) ( Table 2) is more important for a lower air flow rate. In fact, when lowering the flow rate, the ambient air stays more in the reactor and loses more humidity. Consequently, its temperature increases further; temperature difference (Tout-Tin) between the outlet (Tout) and the inlet (Tin) of the desiccator is more important for a lower air flow rate. We conclude the importance of having a low air flow rate during adsorption phase in order to promote the exchange between the silica gel and the treated air and thus results in an important air humidity reduction. Figure 7 -b illustrate, respectively, effects of air flow rate on the temperature and humidity differences between the outlet and the inlet of the desiccators during desorption phase.
As shown in Table 3 , (the regeneration time is shorter for a higher air flow rate. The temperature and humidity stabilize more quickly (at the end of regeneration) for important air flow. So we conclude that the use of a high air flow rate during regenerating phase is recommended to accelerate this operation. 
Pressure drop
The pressure drop in the desiccator is due to the wall roughness, the friction and the presence of silica gel bed, as a barrier to air flow, inside the cylinder. Thus, it is important to calculate the energy loss used in the desiccator design. The pressure drop in the studied medium was determined using a differential pressure gauge to measure pressure for different air flow rate. Thus, we note that the pressure drop is more important for higher air flow rates. So, we deduce the importance of low air flow rate to reduce pressure drop.
CONCLUSION
In this study, the description of the experimental bed test and equipment is done. The obtained results were presented and analyzed. The aim was to analyze the adsorption and desorption as well as the effect of air flow rate on humidity and temperature temporal evolutions.
Experimental measurements indicate that the regeneration and adsorption rates are highly dependent on the air stream velocity.
From these results, we deduce that the use of low air flow rate through the desiccator is recommended to have important humidity reduction during the adsorption phase and to avoid pressure drop. We also conclude that the use of a high air flow rate during regenerating phase is needed to accelerate this operation. This information obtained from experimental studies allows us to optimize the desiccator design and thus facilitate the desiccant cooling system selection and design.
